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BLOOD-SUCKING INSECT CONTROL 
STATION 

CROSS REFERENCE TO CO-PENDING CASE 

This application is a conlinualion-in-part of U.S. patent ^ 
application Ser. No. 09/573,382, filed May 19, 2000, entitled 
"Blood-Sucking Insect Barrier System and Method," the 
entirely of which is hereby incorporated by reference. 

FIELD OF THE INVENTION lO 

This invention relates primarily to an arrangement for 
selectively repelling insects from or attracting insects to a 
control station. 

BACKGROUND OF THE INVENTION 

A discussion of historical approaches to addressing insect 
problems is detailed in U.S. Pal. No. 5,241,778, assigned to 
the present assignee and hereby incorporated by reference as 
if set forth in its entirely herein. The *778 patent describes 20 
a method for attracting and eradicating insects in which a 
heartbeat sound attracts insects to a control station. Accord- 
ing to the '778 patent, by projecting a heartbeat sound from 
a speaker, one or more discrete zones can be established 
which attract mosquitoes and other insects. There remains a 25 
need, however, to increase the zone of influence of the 
established attractant zone as well as its efficacy. 

U.S. Pat. No. 4,168,591 discloses a method that utilizes a 
combination of heat and moisture to attract insects. 

U.S. Pat. No. 4,506,473 discloses a method for attracting 
blood-sucking insects using carbon dioxide. 

i^licants' co-pending parent application addresses the 
problem of wide-area, outdoor control of insect populations. 
However, there is an increasing need to control the popu- 
lation of blood sucking insects in an environmentally sen- 
sitive manner. The spread of the West Niles virus from 
tropical areas into dense population regions such as the 
Northeast section of the United States of America is but one 
example of the need to control insect populations. ^ 

What is needed in the art and heretofore has not been 
available is an improved apparatus for local control of 
insects. What is ftirtber needed is such an apparatus that is 
suitable for use both indoors and outdoors. The present 
invention satisfies these and other needs. 45 

SUMMARY OF THE INVENTION 

In one aspect, the invention provides a centralized system 
and method for controlling insect populations such as biting 
arthropods. In a preferred embodiment, a self-contained 50 
insect control station is used either alone or in coordination 
with other self-contained insect control stations. The inven- 
tion utilizes sound waves as either an attractant or repellant 
in order to control pest populations in a target region. The 
sound waves to be employed can be selectively established 55 
to achieve the desired function. Thus, a simulated heartbeat 
sound or other suitable periodic low frequency sound 
enhanced by a resonator/soundboard (e.g., in the range of 
cps 20-500 cps, depending on the sound intensity and 
periodicity) can be employed as an attractant or as a repel- 60 
lant of insects such as mosquitoes and biting flies. The 
invention can achieve population control of insects through 
the use of one or more control stations that may be 
connected, directly or indirectly through other control 
stations, to a central distribution point. 55 

The invention can make use of other factors, which may 
or may not be critical, depending on which insects are to be 
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controlled and whether insect attraction or repulsion is 
desired. Those factors include carbon dioxide, octenol, lactic 
acid, acetone), and heat, to name a few. Respiratory or 
digestive by-products are believed to cause the mosquitoes 
and biting flies that have been attracted by the heartbeat 
sound to go into a feeding or biting mode. Whereas the 
suitable heartbeat sound will attract insects firom a distance 
to the proximity of the insect control unit, a by product of 
respiration or digestion causes certain targeted insects to 
land directly on the insect control unit where they are 
captured or eradicated. 

In a preferred embodiment, a single insect control station 
can be used to attract insects by the system and method 
described. Through the continued use of the inventive 
system, an insect population in the vicinity of the control 
station can drop to a level below which the insect no longer 
fiiDctions as a disease vector. Research has shown that all or 
at least a part of the low frequency heartbeat sound can 
sensitize biting insects to feeding stimulants. For example, 
whereas other insect control devices may typically use 200 
to 500 milliliters or more of carbon dioxide per minute to 
cause mosquitoes to exhibit a heightened feeding behavior, 
our insect control unit needs only about 25 milililers to about 
125 milliliters of carbon dioxide per minute to cause a 
similar feeding behavior. This results in a significant cost 
savings, and because of the smaller carbon dioxide 
requirements, makes possible the construction of easily 
portable units for field studies and weekend use. In addition 
to sensitizing insects to feeding stimulants, the low fre- 
quency soimd also desensitizes biting insects to the presence 
of their normal prey. Whereas other insect control devices 
can increase bite counts in areas of use, the control unit of 
the present invention can significantly decrease the number 
of bite counts in areas of use. Indeed during several field 
studies where literately hundreds of mosquitoes or biting 
flies were flying around and landing on the insect control 
surfaces of the unit, nearby human observers were not bitten. 

In one particular aspect, the invention provides a method 
for attracting insects to at least one control station that is 
remotely positioned relative to a central node in a system of 
control stations. The method according to this first aspect of 
the invention includes the steps of generating at the central 
node an acoustic wave, propagating the acoustic wave 
through the hollow tubing, and emitting the acoustic wave at 
the control station to attract insects into an attractant zone 
proximate to the control station. 

In another particular aspect, the invention provides a 
method for establishing a barrier to blood-sucking insects. 
The method according to this aspect of the invention defines 
a barrier by arranging plural control stations relative to a 
central distribution point. According to this method, a cen- 
tral distribution point is provided with a sound source that 
generates a sound wave suitable for attracting or repelling 
blood -sucking insects. A branching network of hollow tub- 
ing is established in which the hollow tubing is communi- 
catively connected to the central distribution point for 
receiving the generated sound wave. A pliuality of control 
stations is connected to the branching network of hollow 
mbing so that there is no more than a prescribed spacing 
between adjacent ones of the pliu-al control stations. At least 
the sound wave is conveyed from the central distribution 
point to the plural control stations for emanation thereat to 
define the barrier. 

In a further aspect, the invention provides a method for 
establishing a barrier to animal pests such as deer and 
rabbits, to name a few. This method is similar to the method 
described above, however, the sound source in this method 
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generates a sound wave that is simulative of at least a portion 
of a heartbeat suitable for repelling animal pests. Otherwise, 
the method steps are as described above and result in sound 
waves emanating at the control stations to define a barrier to 
repel animal pesLs and undesired creamres. 

In a preferred embodiment, a self-contained insect control 
station is used either alone or in coordination with other 
self-contained insect control stations. Each insect control 
station has a sound source that generates a sound wave that 
is simulative of a least a portion of a heartbeat. In the 
attraction mode, each insect control station emanates a 
byproduct of respiration or digestion to induce landing of the 
insect on the insect control station. 

Methods in accordance with the foregoing aspects of the 
invention can include one or more of the additional steps 
indicated below: 

a. drawing insects into the hollow tubing once attracted 
into the attractant zone through the use of a source of 
negative pressure; 

b. constructing the acoustic wave so that it is simulative 
of at least a portion of a heartbeat; 

c. releasing one or more of the bjqjroducts of respiration 
or a volatile chemical from digestion (octenal) in the 
support tube or proximate to the control station; 

d. releasing an insect pesticide proximate to the control 
station; and providing a pathogen to biting arthropods 
or other insects proximate to or upon the control 
station. 

e. Providing a glue surface specifically designed for a high 
capture rate of mosquitoes and biting flies proximate to 
or upon the control station. 

The method also can include steps and features described 
below in connection with the Drawing Figures and the 
Detailed Description of Certain Preferred Embodiments. 

The significant advantage of the present invention is that 
a highly cost-efifective and environmentally safe technique is 
provided to control the insect population, and particularly 
the population of mosquitoes and biting flies. The technique 
of the present invention can be employed on a large scale by 
municipalities to control mosquitoes and biting flies 
throughout large public areas, or can be employed by an' 
individual to control the mosquito and biting fly population 
in a backyard or in the home. The device of the present 
invention can kiU attracted mosquito or flies by various 
techniques and equipment. 

In accordance with yet a further aspect of the invention, 
an insect control station includes a means for generating a 
prescribed analog signal, a speaker connected to receive the 
prescribed analog signal and to deliver acoustic energy to a 
resonator positioned in the path of the delivered acoustic 
energy. The control station can be implemented within a 
single housing or with some of its components housed 
separately from other components. 

In one particular arrangement, the analog signal is gen- 
erated using a memory and a digital to analog converter. The 
memory stores a digitized audio sample and delivers the 
digitized audio sample in response to a strobe signal. The 
digital to analog converter (DAC) has an input communi- 
catively coupled to the memory and an output that outputs 
analog signals. The speaker receives these analog signals 
from the DAC and delivers the acoustic energy to the 
resonator. 

In another particular arrangement, the analog signal is 
generated using a digital signal processor. The digital signal 
processor (DSP) is programmed with an algorithm that 
generates one or more prescribed analog signals that are 
provided to the speaker and the resonator. 
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In yet another particular arrangement, the analog signal is 
generated by mechanical elements and then provided to the 
speaker and the resonator. 

Preferably, the acoustic energy emitted from the control 
5 stations of any of these arrangements is simulative of at least 
a portion of a heartbeat. 

The control station of any of these arrangements can 
include tubing between the speaker and the resonator, with 
the tubing defining a path for the delivery of acoustic energy 
10 to the surrounding area. Alternatively, and in accordance 
with a preferred arrangement for a stand-alone control 
station, a resonator is spaced above the ground or other 
supporting surface by tubing, with a speaker positioned 
proximate a resonator and the resonator coupled about the 
15 speaker for delivery of the acoustic energy to the surround- 
ing area. The tubing has an exterior surface that can be 
provided with a striped pattern to visually attract certain 
insects to the control station. 
In a further, optional, arrangement, the control station can 
20 include a source of negative pressure and an inlet proximate 
the resonator that is sized to receive insects that are drawn 
through the inlet in response to negative pressiu'e. 

In yet another, optional, arrangement, a pesticide or a 
gluey substance is affixed to the control station, for example, 
25 on or proximate to the resonator. 

In still a further, optional, arrangement, the control station 
includes a mechanism for delivering one or more feeding 
stimulants from within the support tube or proximate to the 
resonator. The feeding stimulants can include: carbon 
30 dioxide, heat, acetone, lactic acid, octenol, or other byprod- 
ucts of respiration or digestion. 

A preferred embodiment of an insect control station which 
can be constructed according to the invention comprises a 
memory which stores a digitized audio sample and delivers 
35 the digitized audio sample in response to a strobe signal, a 
digital to analog converter (DAC) having an input commu- 
nicatively coupled to the memory and an output that outputs 
analog signals, a circuit which repeatedly delivers the strobe 
signal, an amplifier connected to the output of the DAC, a 
40 speaker connected to receive the analog signals from the 
amplifier and to deliver acoustic energy that is simulative of 
at least a portion of a heartbeat, tubing positioned below the 
speaker for spacing the speaker from ground (or some other 
support surface) and for delivering heat or other feeding 
45 stimulants and a resonator positioned in the path of the 
delivered acoustic energy, the resonator presenting a surface 
that vibrates in response to the acoustic energy and which 
can support a pesticide or gluey substance for controlling a 
local insect population. 
50 These further objects, features, and advantages of the 
present invention will become apparent from the following 
detailed description, wherein reference is made to the figures 
in the accompanying drawings. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of an insect attractant and 
eradication device and/or insect-repelling device according 
to the present invention; 

FIG. 2 is an alternative embodiment of an insect attractant 
and eradication device and/or insect-repelling device; 

FIG. 2A is a functional block diagram of a sound player 
20 that emulates a heartbeat; 

FIG. 3 illustrates a centralized system for either attracting 
65 insects to or repelling pests from plural control stations; 

FIGS. 3A and 3B illusU-ate alternative arrangements of 
control sutions in a centralized system as in FIG. 3; 



us 6,568,123 B2 

5 6 

FIG. 4 illustrates one control station in detail; can detect the sound and perceive it as a heartbeat so as to 

FIG. 5 illustrates a perspective view of several control attracted to or repelled from the area of the speaker, as 

stations interconnected in a centralized system; desired. Preferably, the acoustic output of the control station 

HG. 6 illustrates a stand-alone control station in accor- ^ '^^f '^^^^7 ^""^'^^^ humans^ The 

, . . .1 f J u J- . J s effective area (or volume) to which mosquitoes and bitmg 

dance with a presently preferred embodiment; and a- ^ j n ^ * i . n c *■ 

J t' J gjgg are attracted or repelled is at least partially a function 

FIG. 7 is a schematic diagram of a circuit that can be used of the decibel level output of the speaker. Once attracted, the 

to drive one or more insect control stations constructed in insects will generaUy occupy the area (or, stated more 

accordance with the invention. accurately, the volume or zone) conceptually shown in FIG. 

DETAILED DESCRIPTION OF CERTAIN lo ^ being bounded by dashed lines 24 in the immediate 

PREFERRED EMBODIMENTS vicinity of the control station. It has yet to be determined the 

statistical time period that a mosquito attracted to the control 

By way of overview and introduction, FIG. 1 depicU an station will remain within zone 24 before losing interest, 

assembly or control station 10 comprising an insect atlrac- The eradication device 14 of the control station of FIG. 1 

tant device 12 and an insect eradication device 14 in of the electrocution type. This type of electrocution 

accordance with a preferred embodiment of the present equipment is conventionally and successfully used, for 

invention. The invention can be implemented, however, example, by illumination-type attractant devices, 

without an eradication device because insects can be Accordingly, the eradication device 14 is depicted concep- 

attracted to an area and thereby keep insects away from tually in FIG. 1, and comprises a ground end plate 26 and a 

another area to be utilized by humans or because insects can charged plate 28, each spaced adjacent to the edges of 

be repelled from an area (e.g., an open window or a room) attractant zone 24, generally outside of the direct path of 

to thereby keep an interior area utUized by humans free of acoustic energy delivered by the speaker 24. Plate 28 is 

insects. Whether a device manufactured in accordance with supplied with DC power from converter 30, which in turn is 

the present invention includes an eradication device 14 or connected to power source 18. The charge on plate 28 is 

not, the assembly 10 is more generally referred to herein as ^5 normally insufficient to spark across ground plate 26, so that 

a control station. The control station of the present invention Uttlc power is normally consumed to maintain the eradica- 

has utility for various species of bloodsucking insects, lion device activated. When a mosquito enters the zone 24, 

particularly insects such as mosquitoes, stable flies and however, its presence is suflicient to cause electrical plate 28 

blackflies. The invention is specifically described below to spark across to plate 26. During this intermittent sparking 

with regard to an appUcation for attracting and eradicatmg 3^ action, a mosquito is electrocuted. Conventional protective 

mosquitoes and biting flies of the variety that conventionally shielding, such as a wire mesh, can be used to ensure that 

feed on humans, although modifications to the device will be twigs, birds, and children's fingers do not inadvertently enter 

clear to one of skill in the art to attract and eradicate the zone 24. Again, more sophisticated electrocution devices 

mosquitoes and biting flies that feed on any particular can be used to kill the mosquitoes. The advantage of the 

ammal species, or other bloodsucking insects or other pests, 35 control station of the present invention resides in its abUity 

as descnbed further below. to attract targeted insects into the zone 24 or repel them away 

Referring to FIG. 1, one embodiment of the control from the zone, and does not reside in the type of eradication 

station 10 includes an attractant device 12 that comprises an device that may or may not be employed, 

on/off switch 16, an electrical power source 18, a sound in lieu of an eradication device 14, a trap can be provided 

player 20, and an acoustic speaker 22. The attractant device 40 within the attractant zone 24. The trap preferably comprises 

12 utilizes very Uttle energy, and thus can be activated a gluey or sticky surface, but can comprise other traps 

contmuaUy. The attractant device 12 also can be selectively including nettings, depending on the type of insect that is to 

rendered operable by switch 16 and can be activated, for be trapped. Insect traps using gluey surfaces are particularly 

example, an hour before and during the time interval when useful when the control station is utilized to monitor an 

children are scheduled to play in a backyard adjacent to the 45 insect population in a desired area. Again, the advantage of 

device. Alternatively, a conventional timing circuit (not the control station resides in its ability to attract targeted 

shown) can be employed to automaticaUy activate the con- creatures into the zone 24 or repel them away from the zone, 

trol station, for example, between the hours of 5:00 a.m. and and not with respect to the type of trap that may or may not 

7:00 a.m. and between 5:00 p.m. and 10:30 p.m., when beprovided. A preferred trap, if one is provided, is supported 

mosquitoes are typically active and are generally bother- 50 on the exterior surface of the control station, on or proximate 

some to people. to a resonator 64, described below. 

The power source 18 is conventional and forms no part of FIG. 2 depicts another embodiment of a control station 40 

the present invention. Suffice to say, the power source can be according to the present invention. The control station 40 

a conventional household power source, a generator that includes attractant device 42 comprising a switch 16, power 

outputs electrical power, or a battery source. 55 source 18, and speaker 22 as previously described, and 

Sound player 20 also can be conventional in design, further includes an astatic multivibrator 44 and a differcn- 

needing only to be capable of repeatedly playing acoustic tiating circuit 46. The multivibrator 44 is powered by source 

signals. The sound player 20 is fitted with either analog or 18, and provides a square wave voltage output having a 

digital information which, when played through the sound constant period and cycle ratio. Differentiating circuit 46, 

player, outputs an analog signal. The analog signal from the 60 which is also powered by source 18, generates a time 

sound player 20 is provided to the speaker 22 that transduces derivative of a square wave voltage output such that the 

the signal into a sound that simulates a heartbeat, as more output of circuit 46 comprises pulses associated with the 

specificaUy described below, to attract insects such as mos- signal supphed by the multivibrator. The diaphragm of 

quitocs and biting flies or to repel them. Only a limited speaker 22 is driven by the pulses from circuit 46 to provide 

frequency range need be produced by the speaker 22 to 65 an acoustic wave representative of the human heartbeat. An 

simulate the heartbeat. The volume or decibel output of the adjustment knob 47 is provided for selectively varying and 

control station is established so that the target insect or pest "fine tuning" the frequency signals delivered to the acoustic 
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speaker. A heartbeat emulator comprises the combination of amplifier 88 (if provided), and delivered to the speaker 22. 

the multivibrator 44, the differentiating circuit 46, the adjust- Typical DAC's provide only about 50 mA of drive current 

ment knob 47 and perhaps further circuitry that together and so an amplifier is appropriate for most applications. If 

emulate a complex heartbeat signal. only one digitized audio sample is included in the memory 

Also illustrated in FIG. 2 is an alternative eradication unit 5 80, then the strobe signal can be provided directly from the 
48 adapted to eradicate insects such as mosquitoes. The strobe circuit 86 to the memory 80. Otherwise, if the 
eradication unit 48 comprises a sensor 50, an insect toxic gas memory is segmented, the controller can provide the strobe 
container 52, a solenoid valve 54, a spray nozzle 56, and a signal, or the controller can be used to control the times at 
converter 58. Electrically powered sensor 50 periodically which the strobe signal is delivered, 
scans the zone 24 and generates a signal when one or more 20 memory 80 and DAC 82 comprise a sub circuit 90 
mosquitoes are present within the zone 24. A triggering that sources a signal that emulates a heartbeat. Other cir- 
signal is generated within converter 58 as a result of an cuitry can be used in lieu of these two components, such as 
insect being present in the zone 24, or alternatively when a a digital signal processor (DSP). The DSP can be pro- 
preselected number of mosquitoes, e.g., six or more, occupy grammed to generate one or more prescribed audio signals, 
the zone 24, This triggering signal results in the opening of 15 each of which can be simulative of a heartbeat, 
solenoid valve 54, which can be automatically returned to its In accordance with a salient aspect of the present 
normally closed position by a spring or other biasing device invention, the output of the speaker 22 is conveyed into the 
after a predetermined period of time, for example, two zone 24 through a sound distribution system 60. The distri- 
seconds. While valve 54 is briefly open, insect toxic fluid bution system 60 comprises a sound tube 62, the resonator 
from container 52 is expelled through spray nozzle 56 into 20 include an annular gasket 66. In one 
the zone 24, thereby killing or eradicating insects within or embodiment, as shown in FIGS. 1 and 2, the sound tube 62 
adjacent to zone 24. The fluid within the container 52 can be provides a sealed chamber for conveying at least a forward 
of various formulations known to kill or immobilize insects, wave emanating from the speaker 22 from tube end 62a to 
and particularly mosquitoes and biting flies, or can be of a tube end 62b. In the preferred embodiment of a stand-alone 
formulation that confuses insects or otherwise prevents them 2s control station, the tubing 62 provides support for the 
from thereafter being attracted to humans or being able to speaker and the resonator and can also be used to release 
bite humans. This insect toxic formulation need not be feeding stimulants or heat near the resonator. The support 
hazardous to humans, and can be expelled at a dosage that tube 62 can be formed from a number of diflierent materials 
is lethal to mosquitoes within zone 24, but that is neither PVC tubing in the range of 0.75" to 4.00" in diameter has 
detected by nor harmful to human or pets within the general 30 been found to be suitable, and 2.00" diameter is presently 
vicinity of the control station 40. preferred. Each end of the tubing is preferably removable for 

It should be understood that the attractant devices 12, 42 maintenance or replacement), 

and the eradication devices 14, 48 of the embodiments of The resonator preferably comprises a thin waUed, durable 

FIGS. 1 and 2 can be interchanged to form additional material such as polypropylene, HDPE, PET, PETE, vinyl, 

embodiments. Also, the control station can include a one- 35 hard rubber, metal or other material. Ideally, the resonator is 

way trap constructed of fine mesh screen that kills, paper thin yet durable, although biodegradable materials 

immobihzes, or traps insects, or an arrangement can be may also be used; a balance is struck between these gener- 

employed which drowns insects attracted into the zone 24. ally conflicting criteria to provide an effective resonator, and 

As previously noted, the attractant device of this invention the foregoing list of materials can all be effective resonators, 

has utility apart from being used in conjunction with an 40 The base 646 of the resonator engages either the speaker or 

eradication device. the end 62b of the sound tube, depending on the 

HG. 2A is a functional block diagram of a sound player embodiment, directly or indirectly through the gasket 66. In 
20' that emulates a heartbeat using a modem circuit design. a conventional manner, compressed sound waves press 
The sound player 20' includes a memory 80 (such as a against the base 646 and generate amplified sound waves 
conventional RAM, SRAM, or ROM circuit) which stores 45 within the zone 24, preferably sound waves that emulate at 
digitized audio samples. The digitized audio samples com- least selected portions of a heartbeat. The sound waves exit 
prise a series of bits that preferably represent a heartbeat annular sidewalls 64a of the resonator, which can have a 
sound recording. The series of bits are provided to a digital generally firustoconical shape (as shown). The annular side- 
to analog converter (DAC) 82 in response to a strobe signal, walls 64^7 of the resonator also can be comprised of parallel 
starting with the first memory cell and continuing until the 50 flat surfaces mounted such that they vibrate in response to 
memory has been read. Optionally, the memory 80 is logi- the sound waves. 

cally segmented into a plurality of addressable segments The resonator can alter the frequency and distribution of 

80 A, 80B, . . . That can be individually accessed so that any the acoustic waves produced by the speaker 22. The reso- 

one of a number of digitized audio samples can be retrieved, nating function of the resonator 64 results from the coupling 

each of which can be simulative of a heartbeat (e.g., one 55 with the sound tube 62. Consequently, the resonator can be 

simulating a human heartbeat if the target is insects that bite positioned remote from the speaker itself. Alternatively, the 

humans and another simulating an equestrian heartbeat if the resonator 64 can be located adjacent tl» speaker 22 and end 

target is insects that bite horses). A controUer 84 is used in 62a of the sound tube, with the sound tube extending 

a conventional manner to govern which segment of the therefrom to convey the amplified acoustically attractive 

memory 80 is accessed and which digitized audio signal is 60 sound waves to one or more zones 24. If the resonator is not 

delivered in response to the strobe signal. A user operable tightly coupled, it will not greatly modify the acoustic waves 

control or selector permits manual selection of whidi seg- but will instead basically vibrate, which itself can be an 

ment of memory is read out into the DAC 82. A strobe circuit assist in attracting certain insects because it serves as a 

86 provides the strobe signal. Preferably, the strobe signal is soundboard. A thin walled inverted pot or cover can be 

repeatedly delivered to the memory, e.g., periodically at an 65 loosely positioned above the sound mbe 60 (for the embodi- 

interval that permits the contents of memory 80 to be read, ment of FIG. 1) or above the speaker (for the embodiment 

converted by the DAC into an analog signal, amplified by an of FIG-_) as a resonator 64', in lieu of the resonator 64, with 
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the acoustic wave instead being imparted with a desired acid from the central distribution node, through the coupling 

characteristic, by providing a suitable analog signal to the 330 and to the remote control stations 320. Preferably, these 

speaker 22. substances are delivered at a controllable rate proximate to 

It should be understood, therefore, that the resonator can the resonator, either from the support tubing or externally, 
modify the sound waves emanating from the speaker 22 or 5 The support tubing may also be used to deliver heat or 

not. The resonator is preferably removable, and more pref- repellants.). The controlled delivery of carbon dioxide gas 

erably disposable, especially when equipped with a gluey remote from the device, for example, can excite certain 

substance or a pesticide. blood-sucking insects free of any undesired anesthetization 

Optionally, the exiting sound waves can co-act on a ^^^^^ ^^^^ associated with higher or uncontroUed 

surface 68 which is opposite the base 64b or which is ^^^^^^ of carbon dioxide gas released near the device. It is 

positioned to direct waves exiling from the resonator 64 in believed that a significant carbon dioxide pulse of about 

a desired direction, for example, within the zone 24. The several cubic feet of gas or vapor at an interval of about 

sound distribution system 60 amplifies critical components ^"^^^ ^-^ minutes to about every 10 minutes fosters a 

of a heartbeat signal to better attract insects to the control feeding frenzy in the mosquitoes that are attracted to the 

station or to repel insect or animal pests therefrom, while control stations. 

better differentiating critical components of the sound emit- In addition, a source of negative pressure provided 

ted by the speaker 22 from background noise. through the support tubing can establish a partial vacuum 

In accordance with a further aspect of the present inven- the resonator for drawing insects away from the reso- 

tion and with reference now to FIG. 3, a centralized system ^^^^^ collection at a remote collection device (e.g., net or 

300 is described in which a plurality of control stations bag) or control device (e.g., electrified grid). Because the 

320a-^20d (only four shown; more generally, "control sta- source of negative pressure is not located proximate the 

tions 320*') are interconnected and driven from player 20). resonator any noise that it might make will not undermine 

The centralized system 300 has a central distribution node *c attractive influence of the heartbeat sound being radiated 

310 configured to deliver various sources of attractants or ^om each control station. Optionally, baffles can be posi- 

repellants to remotely positioned control stations 320 tioned relative to the source of negative pressure to isolate 

through a suitable coupling 330.1116 coupling can consist of sound from that source and prevent it from propagating 

one or more parallel or coaxial tubes, for example, PVC toward the resonator. 

tubing which carry the various sources to the remote control Each of the control stations 320 includes control valves 

stations 320. The coupling is preferably positioned (e.g., ball valves) that permit the flow of gas, heat or sound 

underground, but need not be, and may consist of 0.75" PVC waves and partial pressure to be regulated at each station. If 

electrical grade hollow tubing. The centralized arrangement the control stations are serially coupled to the central dis- 

permits relatively inexpensive control stations 320 to be tribution node 310 (such as control stations 3206, 320c, and 

positioned over a widely dispersed geographic area to con- 320d), then the control valve is preferably positioned in a 

trol pests within that area. branch leading to one control station in the series so that it 

The components of control station 10 of FIGS. 1, 2 and can decrease the flow to one station while only passively 

2A have been selectively included in either the central node affecting the flow to other control stations in the series, A 

310or remote stations 320, yet remain interconnected by the feedback arrangement can be used as known in the art of 

coupling 330. The following description of sources that can heating, ventilation and air conditioning, to better control the 

be distributed by the central distribution node 310 applies to to other stations when the flow to one is adjusted, 

the control station 10 described above. In particular, the A variety of arrangements of couplings 330 and control 

control station of FIGS. 1 and 2 can be fitted with one or stations 320 can be connected to a single central distribution 

more of the sources described herein to achieve a desired node. FIGS. 3Aand 3B illustrate, for example, two different 

embodiment, and can include valves, as necessary, to regu- arrangements in which the control stations 320 are posi- 

late the flow of heat or gas from the control station 10. tioned remote from the central distribution node in different 

One of the sources distributed by the central distribution patterns to more effectively control pests in a geographic 

node 310 is a sound source 340. The sound source provides region of interest. The dashed lines indicate the possibility of 

sound waves through the coupling 330 to the plural control extensions of the pattern shown in solid lines. Of course, 

stations 320. The sound waves are generated by the speaker many other arrangements are possible, including combina- 
22 in the manner described above in connection with FIGS. 50 ^io°s of the arrangements shown in the Figures, the arrange- 

1 and 2, and are propagated through the sound tube 60, ments of FIGS. 3, 3A and 3B being merely illustrative of 

which may be the same tubing as the coupling 330. The three possible arrangements. 

resonator 64 can be positioned at each control station, via a We have also detennined that a single control station's 

tight or loose coupling of the resonator to the coupling 330, speaker 22 can be used to drive the resonators of multiple 
or can be positioned adjacent the speaker. 55 control stations. The low frequency sound waves can set up 

Another of the sources distributed by the central distri- an attraction vibration in other (remote) control stations in 

bution node 310 is a heat source 350 which can be used to which the sound has been turned off. An alternative arrange- 

deliver a heated gas (e.g., air, or air containing the sound ment is to place a speaker 22 at each control station. All the 

waves from the sound source 340) to the plural control speakers can be driven by a source at the central distribution 

stations 320 through the coupling 330. The presence of heat 60 ^^d can be connected by electrical wires provided in 

and its temperature at a given control station can be a critical the tubing 320. In such an arrangement, tube 320 can also be 

factor for some pests, but not for others. Any heat to be used to distribute, if desired, carbon dioxide, heat, repellant, 

delivered to the control stations 320 can be delivered etc. to the control stations. 

together with the sound waves through the sound mbe 60 or Referring now to HG. 4, a control station 320 is described 
by way of a separate delivery mbe. 55 in detail. The elements of the control station 320 differ from 

no. 3 also shows gas sources 360 and 370 for delivering a corresponding portion of the control sUtion 10 only in the 

carbon dioxide gas and the vapors of octenol and/or lactic coupling 330. In a unitary station design, each control 
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Station 320 includes a sound tube 60 that communicates with In addition to or instead of an adhesive, the control station 

the coupling 330 to deliver heartbeat sound waves from the can source a pathogen such as a bacteria or fungus which can 

speaker 22 connected to the sound source 340 to the location be conveyed with the insect back to its breeding grounds to 

of ihe control station. The sound tube 60 preferably projects kill eggs, larvae, and other adult insects, 

approximately 1.5 feet above the ground, but can be shorter 5 In FIG. 5, several control stations are shown in a centrai- 

or longer and more preferably includes the sound reflector ized system that provides a linear barrier that can be used to 

68. The sound lubes of different control stations can be repel specific pests, or to attract insects such as mosquitoes 

positioned at different heights to ensure capture or control of 10 one of the control stations 320. The details of each control 

both low- and high-flying insects. Optionally, the resonator station, including the valves 390 (not shown in this Figure), 

64 can be tightly seated upon the sound tube 60, as described are described above in connection with FIG. 4. As can be 

above in connection with FIG. 1. appreciated from FIG. 5, a plurality of control stations 320 

Alternatively, the resonator can be included proximate the can be arranged in any desired manner to define a perimeter 

speaker 22, or not included at all, and the element 64 can 500 of overlapping zones 24 (shown shaded) which serve as 

instead be loosely seated over the sound tube 60 to keep the either a repellant or attractant of selected pests. The control 

coupling 330 free of rain and debris, and also to vibrate and stations 320 are spaced anywhere from about 50 feet to 

direct and radiate the heartbeat sound waves within the zone about 300 feet apart, but are spaced so as to generally ensure 

24. A sound reflector 68 assists in filling the zone 24 with the that the effectiveness of the control stations in defining the 

acoustic energy delivered through the coupling 330 to the perimeter of overlapping zones 24 is not compromised. The 

sound tube. control stations are connected to the central distribution 

At a given distance from the control station, the intensity 20 Q^d^ (not shown) through the hoUow tube couplings 330 and 

of the acoustic waves emanating therefrom can vary depend- tubes 375a (shown broken away at a location remote from 

ing on the position of the sound pressure meter relative to the the control stations). For ease of illustration, the coupling 

control station. Thus, the intensity can be higher directly 330 includes several right angle bends 502; however, supe- 

above the control station due to the resonator, if any, and the rior acoustic wave travel through the hollow tubing can be 

sound reflector, depending on its orientation, relative to the 25 obtained through the use of more gradual bends, that is, 

intensity of the acoustic energy in other directions. Beyond bends that are less than 90^. 

a threshold intensity level, insects may not be attracted to a Referring now to FIG. 6, an insect control station 600 is 
control station, at least in a given direction, and so the described. The control station includes a base 602, a support 
amplification of the heartbeat sound is preferably set to or tubing 604, a speaker 606 mounted at the top of the 
maximize the attraction of insects across as many directions 3Q tubing, and a resonator 608 disposed about the speaker and 
as desired (e.g., to have the intensity within a prescribed the top of the mbing. Optionally, a gasket 610 is positioned 
range or below a threshold level alongside the control between the speaker 606 and the top of the tubing 604. In a 
station). The control station can emit sound at a decibel level preferred implementation, the tubing 604 comprises a four- 
suitable for attracting mosquitoes, for at least portions of a inch tube of PVC and the speaker 606 is sized such that its 
heartbeat sound, which is in the -40 dB to -10 dB range, as 35 frame can seat directly upon the tubing or the gasket, if a 
measured with a spectrum analyzer (1 cps increments), or 50 gasket is provided. 

dB to 80 dB range, as measured with a digital sound level jhe tubing 604 is preferably seated in frictional engage- 

ment with a nipple 612 extending upwardly from the base 

The control station further has a remote gas distribution 602. llie fictional engagement between the nipple and 

port 380 positioned within the zone 24 to supply gas and/or 40 mbing provides a stable pedestal to support the speaker 606, 

vapor from the sources 360, 370, and other sources, if any including its magnet 614. In the embodiment of FIGS. 6, 8, 

gas delivery is desired. ITie gases are delivered through a a battery pack 620 and circuitry 630 are both suspended 

supply tube 382 that is carried within or alongside the tube from the speaker 606, however, this is not required. The 

coupling 330. Arain shield 384 or the like keeps the tube 382 battery pack and circuitry can be housed external of the 

free of rain and debris. In addition, each control station has 45 tubing 604 or elsewhere within the tubing or base. The 

one or more ports 375Z? for insect collection, if desired, circuitry 630 is described in further detail with reference to 

connected to the partial vacuum 375 via vacuum tubing FIG. 7. It should be understood that the battery pack 620 is 

375fl. not required; instead, the control station 600 can be powered 

In addition, each control station has one or more valves by an external source, for example, a low voltage source. 

390 that control the relative amount of sound, heat, gas, and 50 One suitable low voltage source is a 12 VAC voltage source 

vacuum force that is dehvered by each of the mbes 330 and that is commonly used in connection with outdoor lighting 

the gas tube 382 and partial vacuum tube 375fl. The port applications. The control station 600 can tap into that low 

375^^ if desired, preferably has a rain cover and may or may vohage source to power the circuitry 630. 

not project above the sound reflector 68. As can be seen in FIG. 6, the tubing further includes one 

The portion of the sound tube which projects from the 55 or more air inlets 640 adjacent a lower margin of the tubing, 
base preferably includes an attractive surface (such as a clear of the nipple 612, and one or more air outlets 650 
striped surface) and can be further covered with a pressure adjacent an upper margin of the tubing. During normal 
sensitive adhesive or an insecticide. The stripes can assist in operation of the control station 600, the circuitry 630 gen- 
attracting certain blood-sucking insects that have been erates heat, and the beat generated by the circuitry disposed 
drawn to the region of the control station by the sound 60 within the tubing 604 encourages a convection current 
waves. It is believed that certain insects arc attracted to light between the air inlets and the air outlets. Consequently, a 
surfaces while others are attracted to dark surfaces, and so thermal gradient is established between the lower margin of 
the stripes provide a useful pattern to attract insects with the tubing and the upper margin of the tubing (see arrow 
either of these preferences. As can be appreciated, however, TG), all within the vicinity of the resonator 608. Preferably, 
other patterns can be provided to tailor the surface to the 65 the heat generating element is included in the circuitry 630 
preferences of various insects (e.g., camouflage, dots, zig- to generate a sufiBcient amount of heal so as to estabhsh a 
zags, etc.). temperature gradient in and around the normal body 
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temperature, and, in any event, a temperature range which is 
different than the ambient temperature. Because certain 
insects and mosquitoes can see within the infrared spectrum, 
or can sense temperature from a distance, the thermal 
gradient established across the height of the tubing 604 can 5 
serve to attract a greater variety of insects and mosquitoes. 
A desired range of temperatures to establish across the 
height of the tubing 604 is a range of temperatures varying 
from just below body temperature to a temperature some- 
what above body temperature. For example, a temperature 
variation between 93 and a 105 degrees is preferred. Such a 
range of temperature can be achieved, for example, when 
using an 8-watt resistor connected across a 12 VAC source. 

Instead of a resistor as the generating element, the insect 
control station 600 can include a light bulb to generate heat 
as well as light. If the tubing 604 is made of a translucent 
material, then the light bulb can provide illumination to the 
surrounding area while the control station is operative to 
control local insect and mosquito populations. 

FIG. 6 further illustrates a delivery tube 660 that has an 20 
outlet 662 for delivering a secondary stimulant in order to 
place mosquitoes and insects in a biting mode. In particular, 
FIG. 6 illustrates carbon dioxide as the secondary stimulant. 
The primary attraction of mosquitoes and insects is due to 
the sound emanated by the speaker 606, as conveyed by the 35 
resonator 608. The carbon dioxide is preferably delivered 
from a portable tank (e.g., 1 lb. tank) which has a regulator 
set to deliver a low level of caibon dioxide (e.g., 25 ml per 
minute). 

Referring now to FIG. 7, a circuit 700 is shown in 30 
schematic form for driving the speaker 606 with a signal that 
represents a heartbeat sound (or some other sound). The 
circuit is powered by a 12 VAC source, after rectification by 
a four-way bridge rectifier 702 to provide a 5 VDC signal. 
A resistor 704 is connected across the incoming voltage 35 
signal and generates heat to establish a convection current, 
as described above. An LED 706 is included to indicate the 
"on" or "off" state of the circuit, but is not required. The 
circuit is driven by an integrated circuit 708, which is 
preferably an ISD brand Series 1100, 1200, or 1400 inte- 40 
grated circuit. For example, an ISD 1110 provides ten 
seconds of storage for recording a sound segment to be 
reproduced by the speaker 606 and is a suitable circuit to use 
in the circuitry 630. The integrated circuit 708 includes an 
amplifier to drive the speaker, and requires a minimal 45 
amoimt of external connections to place it in an infinite loop, 
as is done in the preferred embodiment. More specifically, 
the integrated circuit 708 is preferably programmed with a 
heartbeat sound and configured by external resistors and 
capacitive and/or inductive elements to repeatedly play the 50 
programmed sound. Consequently, a continuous heartbeat 
sound can emanate from the speaker 606 to drive the 
resonator 608 and attract or repel insects and mosquitoes, as 
desired. FIG. 7 further illustrates capacitors and a diode 
connected in a conventional manner to drive the ISD inte- 55 
grated circuit, which elements form no part of the present 
invention and can be selected with reference to the appli- 
cation notes for the ISD integrated circuit, as imderstood by 
those of skill in the art. 

The sound emanating from spaced control stations can 60 
establish a virtual barrier for insects between the control 
stations, with the acoustic attractant emanating at a decibel 
level within a prescribed range, or the acoustic repellant 
emanating at a decibel level beyond the prescribed range or 
above a predetermined level. For animals, the acoustic 65 
repellant emanation needs only to be at the decibel level 
audible to the pest that is to be repelled. 
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The particular insect to be attracted or repelled is targeted 
through the delivery from the central distribution node 310 
to the control stations 320 of a predetermined combination 
of critical factors which include at least a heartbeat sound 
and possibly also heat, carbon dioxide, octenol, and/or lactic 
acid, each in a controlled amount. Carbon dioxide, for 
example, can be delivered to each of the control stations at 
a rate of about 50 to about 500 cc/min. The lower the rate, 
the better to minimize the gas requirements and cost. 

Within the perimeter 500 (only one boimdary shown), 
humans can recreate generally fi-ee of the targeted pest. 
Thus, a perimeter can be defined in a backyard, a hotel, a 
country club, a golf course, a public part, etc. to make 
outdoor space more enjoyable for humans. 

Several observations are noteworthy to understand the 
effectiveness of the technique according to the present 
invention. Our studies suggest that heat, carbon dioxide, 
lactic acid, acetone or other byproducts of respiration and 
digestion are necessary to excite biting insects. Evidence has 
illustrated that, contrary to public impressions, mosquitoes 
are not drawn to humans by heat of the human body, carbon 
dioxide output from humans, or their odor, but are strongly 
attracted to humans by their cardiac soimds. Mosquitoes are, 
in fact, attracted to and obtain blood from reptiles, such as 
snakes, which are not hot-blooded and obviously have an 
odor quite dissimilar to humans. Mosquitoes also are 
attracted to weak, sick, or aged people more than to healthy 
individuals. These people frequently have a heartbeat that 
generates a periodicity of signals at significantly higher rates 
than those of healthy individuals. Accordingly, it is believed 
that while mosquitoes will be attracted to an acoustic signal 
indicative of a healthy individual in the periodicity (pulse 
rate) range of from 50 to 90 beats per minute, mosquitoes 
will be strongly attracted to an acoustic signal in excess of 
90 beats per minute. The low frequency sound given off by 
a heartbeat that attracts mosquitoes is preferably in the range 
of from about 150 cps to about 350 cps, 1, and more 
preferably in the 150 cps to 250 cps range in which Appfi- 
cants have determined that the heartbeat has a primary peak. 

Thus, the recorded waveform in the player 20 or from the 
emulator can simulate a human heartbeat or particular 
components therein. For example, a waveform can be con- 
stmcted to have a primary peak in the 150 cps to 250 cps 
range and a secondary peak in the 300 cps to 500 cps range. 
A suitable waveform can include frequency components in 
these ranges alone, or so that the frequency components in 
these two peaks dominate other frequencies in the wave- 
form. The periodicity of the waveform, that is, the number 
of times that the signal appears, can be dynamically 
adjusted, for example, by a program running on a pro- 
grammed machine such as the machine referred to above, or 
by circuitry comprising the emulator. A waveform having 
acoustic energy in the range of 20 to 500 cps is generally 
desired. 

Equipment that can be used to generate acoustic signals 
representing the human heartbeat is described, for example, 
in U.S. Pat. No. 3^17,092 and U.S. Pat. No. 3,994,282. 
Alternatively, an actual himian heartbeat can be recorded 
and rebroadcast to attract insects. Either signal can be 
electronically altered or fine-tuned to present a signal most 
suitable for attracting a preselected insect (e.g., mosquitoes, 
fleas, ticks, blackflies, etc.) given the geographical area that 
the control station is positioned. 

Any obstructions in the coupling can be removed using a 
high-pressure blowout that is selectively connected to the 
system for maintenance purposes (not shown). 



